ABSTRACT
The role of sequence comparison methods is to identify evolutionary relationships between pairs of sequences. The performance of such methods can be evaluated against sets of known evolutionary relationships. Our benchmark uses the curated structural classification of proteins database SCOP (Murzin et al., 1995) . Such evaluations have shown that sequence comparison methods only identify a fraction of distant relationships (Brenner et al., 1998; Lindahl and Elofsson, 2000; Muller et al., 1999) . Other evaluations have extended the assessment to include alignment accuracy (Domingues et al., 2000; Friedberg et al., 2000; Sauder et al., 2000) and found that at low sequence identity the majority of residues in an alignment will be incorrectly aligned. Such evaluations have been used to investigate the effect of varying method parameters to identify optimal values for different types of search (Abagyan and Batalov, 1997) .
There is therefore plenty of potential to develop improved algorithms that are able to correctly identify a higher proportion of evolutionary relationships with more accurate alignments than existing methods. In order to simplify and standardize the process of assessment for method developers, we have constructed a web-based benchmarking system, which is available as a public service. The system is easy to use, yet can provide a detailed assessment of the performance of any alignment method. This includes making it easy to identify pairs of proteins * To whom correspondence should be addressed.
that a method has most problems in handling correctly. This can be valuable for learning about the defects in an algorithm and in exploring ways of addressing them.
To carry out an evaluation of a method, the user first downloads a standard fasta format sequence file, extracted from the SCOP database, provided from ASTRAL (Brenner et al., 2000) . They then perform an all against all search using the method they wish to assess and parse the output into a simple flat file format. Finally the flat file is uploaded via the web to the benchmark system. The users have the option to evaluate the alignment accuracy of their method as well as its ability to detect evolutionarily related proteins.
The system contains a set of precalculated results for a number of standard methods, such as pairwise BLAST (Altschul et al., 1997) , FASTA (Pearson and Lipman, 1988) and SSEARCH (Smith and Waterman, 1981) and profile based methods such as PSI-BLAST (Altschul et al., 1997) . These can be used as performance standards with which to compare any new method. The most basic view available is a plot of accuracy against coverage showing the result for the benchmarked method that can be compared with the results of standard methods.
The system can be used in assessing sequence comparison, fold recognition and structure-structure comparison methods. It is possible to evaluate a variety of subsets of data, such as only 'distant' relationships as defined by SCOP (i.e. sequences that show no obvious sequence similarity, but which have been classified as being evolutionarily related on the basis of structural and functional similarity). Such subsets are ideal for evaluating fold recognition methods.
As well as assessing the sensitivity and specificity of methods, MaxBench is also able to assess the quality of the alignments that they produce. When evaluating alignment quality it is possible to view individual alignments and corresponding structural superimpositions in order to identify outliers which can be helpful in understanding where a method is failing. The alignment comparisons are made against sets of reference structural alignments of SCOP domains using the algorithms of DALI (Holm and Sander, 1994) , CE (Shindyalov and Bourne, 1998) and PRISM (Yang and Honig, 1999) . These automatically generated datasets have all been filtered to ensure they are mainly composed of well superimposed structural fragments. By the nature of these automatic methods, each of these datasets will still contain a proportion of misaligned regions. In order to provide a benchmark set of higher quality, we also make available a smaller set of 'consensus' alignments. The detailed procedure for the generation of the structural alignments (including the consensus) and the assessment of the resulting superimpositions quality will be published in a separate manuscript (Leplae et al., in preparation) and on the MaxBench web site.
The uniqueness of this benchmark system resides in the broad levels of detail ranging from global evaluation results useful for comparing different methods to individual comparisons to assess specific cases of failure or success. A separate manuscript describing the benchmark procedure and results is in preparation. Therefore we believe that the benchmark system will prove a useful tool for developers by simplifying and standardizing the process of measuring performance as they improve their methods and for users to help selecting the most appropriate method or method parameters for their research purpose.
